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suggests that the strong regional sea level trends observed during the modern satellite 34 altimeter record will abate as trade winds fluctuate on decadal and longer time scales. 35 Furthermore, after removing the contribution of the PDO to sea level trends in the past 36 twenty years, the rate of sea level rise is greatly reduced in the SEAS region. As a result 37 of the influence of the PDO, the SEAS regional sea level trends during 2010s and 2020s 38 are likely to be less than the global mean sea level (GMSL) trend if the observed 39 oscillations in wind forcing and sea level persist. Nevertheless, long-term sea level trends 40 in the SEAS will continue to be affected by GMSL rise occurring now and in the future. 41
Introduction 48
Sea level is a measurement of considerable interest and importance for the study of 49 climate because it reflects both mass and heat storage changes in the global ocean. 50
Variations in sea level over long time periods provide an important "lens" into the current 51 state of the climate. Over the last century, sea level has been rising at an increasing rate 52 due to the thermal expansion of water associated with the warming ocean and the melting 53 of land ice [e.g. Church et al., 2011] . While the trend in global mean sea level (GMSL) is 54 positive (estimated from satellite altimetry to be 3.2 mm/yr.), the rise of sea level is far 55 from uniform across the globe. Regional sea level changes in most areas of the ocean are 56 strongly affected by spatially varying factors such as ocean warming, ocean dynamic 57 responses, and gravitational and solid earth effects from changing surface mass [e.g. 58
Slangen et al., 2012; Perrette et al., 2013]. 59
Attributing the trends in both regional and global sea level to specific processes has 60 important implications for projecting sea level rise in the future. Removing short-term 61 trends, for instance, associated with known climate variability can allow for a better 62 understanding of the underlying warming trend [Hamlington et al., 2011a; 2014b and found the CSEOF reconstruction provided many advantages when attempting to 150 capture the effect of internal climate variability on sea level [Strassburg et al., 2014] . 151
Based on the results of this prior study and for the purposes of this paper, the HLK 152 reconstruction is considered to be the primary dataset for the historical trend analysis, 153 with the CW reconstruction serving as a comparison. 154
Once the training data is decomposed using either EOF or CSEOF analysis, a number 155 of modes are selected, explaining a subset of variance in the original training dataset, and 156 fit to the tide gauge measurements back through time to create the reconstructed sea level 157 dataset. The CW reconstruction uses 1°x1° monthly sea surface height anomaly (SSHA) 158 maps derived from TOPEX/Poseidon, Jason-1 and Jason-2 10-day repeat altimetry data. 159
The HLK reconstruction uses the satellite altimeter data product produced and distributed 160 by the Archiving, Validation, and Interpretation of Satellite Oceanographic (AVISO; 161 http://www.aviso.oceanobs.com/) as part of the Ssalto ground-processing segment. The 162 data set has quarter-degree resolution and was created from measurements spanning 1992 163 through present using the following satellites: TOPEX/Poseidon, ERS-1&2, Geosat 164
Follow-On, Envisat, Jason-1, and OSTM. These sea level measurements were updated 165 and reprocessed by applying homogeneous corrections and inter-calibrations and 166 referenced to a consistent mean. Then, the along-track data were gridded through a global 167 space-time objective mapping technique. In this paper, the AVISO data are also used as a 168 direct comparison to the reconstructions during the past two decades. 169
The two reconstructions also differ in how global mean sea level (GMSL) is 170 accounted for. The CW reconstruction introduces an "EOF0", a spatially constant mode 171 that captures the mean of the tide gauges through time. Calafat et al. [2014] studied the 172 use of this constant EOF mode and its effect on the GMSL in the resultant reconstruction. 173
Although the inclusion of EOF0 was found to have a negative effect on the ability to 174 explain the impact of internal climate variability on GMSL, the regional trends are not 175 necessarily similarly negatively affected, making the use of the CW reconstruction 176 suitable for the purposes of this study. Regardless, this computational difference should 177 be kept in mind when comparing trends from the two datasets. The HLK reconstruction 178 does not use a constant basis function, instead relying on a weighted average of the tide 179 gauges that is added after the fitting of the CSEOF modes to the historical tide gauge 180 measurements. Through this procedure, information regarding the contribution of internal 181 climate variability to GMSL is preserved in the reconstruction. 182
For historical data, both of the two reconstructions considered here use tide gauge 183 data from the Permanent Service for Mean Sea Level (PSMSL; http://www.psmsl.org). 184
PSMSL supplies a wide range of tide gauge data, but availability depends highly on the 185 region and timeframe in question. Each reconstruction uses different tide gauge editing 186 and selection criteria depending on time-series length, data gaps, area weighting, etc. 187
These will not be discussed in this report but can be found in the respective references for 188 decades, a more pressing topic is whether the regional sea level trends will be similarly 210 high in the coming decades. Projecting future regional sea level rise is a challenging task 211 that requires expertise across a wide range of disciplines, and a broad understanding of 212 the Earth system. One way to gain an understanding of possible future directions and 213 ranges of sea level is to study changes on similar timescales in the past. As discussed 214 above, sea level reconstructions extend the satellite altimetry record of sea level back in 215 time, providing the opportunity to study the influence of low frequency variability on sea 216 level trends. To highlight the trend variability at the time scales observed over the current 217 altimetric record, both reconstructed sea level datasets (CW and HLK) were first annually 218 (Fig. 5) . As in the past two decades, the sea level trend in each of 245 the seas in the region is positive, with the highest trends found in the southeastern part of 246 the SEAS region. In general, the two reconstructions agree although some discrepancy is 247 seen in the northwestern region of the SEAS, possibly a result of differing tide gauge 248 selection between the two reconstructions. As seen in Fig. 2 , the agreement between the 249 HLK sea level reconstruction and the satellite altimetry data in these same northwestern 250 SEAS is not strong. Coupled with the disagreeing trend analysis here, there is an 251 indication that reconstructing sea level in the northwestern region is difficult given the 252 available tide gauges. Finally, the sea level trend pattern in the SEAS from 1976 to 1992 253 is computed from both reconstructions (Fig. 6) . In contrast to the other two time periods, 254 the sea level trends are much lower throughout the region, with the range of sea level 255 trends in some areas becoming negative. Again, the two reconstructions agree to within 256 the estimated error. 257
By comparing the 17-year sea level trend patterns from the past 50 years, the decadal-258 scale variability of sea level change in the SEAS region becomes evident. In Figure 7 , 259 using only the HLK reconstruction, the trends for each sea over the three independent variance explained by the trend patterns of the first three EOFs was found to be 41%, 287 30%, and 13%, respectively, with a total of 84% variance in these first three modes. 288
The question was then asked whether any of these EOF modes could be attributed to 289 specific climate signals? To evaluate whether any of the modes are related to the PDO 290 and by extension whether changes in the PDO affect the trends in global mean sea level, 291 a twenty-year running trend is calculated for the PDO index, which is derived from sea 292 surface temperature patterns in the north Pacific. In addition to the agreement of the 293 spatial patterns of the first mode and the PDO in the north Pacific, the strong relationship 294 between the two is demonstrated by a correlation of 0.96 between the twenty-year PDO 295 trends and EOF mode 1 of the twenty-year trends from the reconstructed sea level 296 dataset. In other words, the first EOF mode from the decomposition of the twenty-year 297 trends in the sea level reconstruction appears to be closely linked to the PDO, both in 298 terms of its spatial pattern and temporal variability over the past sixty years. The 299 contribution of this first EOF mode to regional trends during the satellite altimetry time 300 period (the last twenty years) was evaluated and used in this study. 301 significantly reduced sea level trends in the SEAS region (Fig. 9C) . While the presence of 306 other internal climate variability can not be ruled out, the difference between the AVISO 307 trends and the PDO-related trends provides an improved understanding of the long-term 308 sea level trends that may persist into the future independent of fluctuations caused by 309 natural occurring cycles. 310
Discussion and Conclusion 311
This study focuses on a region of the globe that has been significantly impacted 312 by rising sea levels in the past two decades. Whether sea level trends will be similarly 313 high in the coming decades is an important question with significant societal and 314 economic implications for the SEAS region. While projecting future sea level is an 315 expansive problem involving a wide range of disciplines, an understanding of future sea 316 level can be gained by looking at the past. Sea level reconstructions provide a useful tool 317 for understanding sea level changes in the past, present and future by extending the short 318 satellite altimetry record back in time with the help of tide gauges. 319
Here, we have used two sea level reconstructions created using two different 320 (Fig. 8) . This underlying trend will be expected to persist (Fig. 9) , 334 increasing the impact of decadal-scale fluctuations of sea level trends. In other words, in 335 the future when the large positive sea level trends in the SEAS observed during the 336 satellite altimeter era return to the region, the impact can be expected to be much more 337 severe due to the higher seas upon which the decadal variability is occurring. Studies 338 such as this one serve to highlight the importance of understanding and estimating the 339 contribution of naturally occurring periodic variability to sea level trends while 340 maintaining the context of underlying long-term sea level rise that will persist now and in 341 the future. 
